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Pal ladium-Catalyzed Addition ot' Pronucleophi les with 3.3-Dihexylcyclopropene 
Transition Met~ll-Calalyzed Carboalkoxy]Lttion of Aryl Alkynes Bearing an Aceltll 
Gi-oup al ortho-Posilion 
Plarinum-Cala]yzed Carboalkoxy lalion-Clalsen Rearrangement oi' Aryl Alkynes 
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Construction ot' a cLu'bon-carboll or Ll cdrbL)n-heteroulom bond is Lt t'und~tlllelltal[y imporl~nl process in organic 
synlhesis. Wilh lhe advent of ll~odern organic synlhehis, Iransition melul-citlalyzed addilion rc2lclions of hydrogen-
c~lrbon. hydrogen-heteroalom. or cLlrbon-hcteroatom bonds lo c'arbon-carbo]1 multip]e bonds have been c]eveloped. 
which allow us to construcl such new chemlc~11 bonds in ~ln efficiem tlnd artom-economic munner. Seilrchin~ new 
lralnsilion nlela]-cal21lyzed tlcidition reLlctions lo cLlrbon-cLirbon mu[tiple bonds, I have f'ound new proces~es t'or the 
l~ormation ot' carbon-carbon or cai'bon-heteroLilom bonds viz the pallLldium-cattllyzed addilion ot' pronucleophiles (H-
Nu) to 3.3-dihexylcyclopropene: nnd palladiLlm- or plLltinum-catalyzed calrboalkoxylation ot' aryl alkynes bearin_c'_. 
ollho-acelal derivLlt ives. 
Chapter I . Palladium-Catalyzed Addition of Pronucleophiles with 3,3-Dihexylcyclopropene 









































































cyclopropenes leading to ring-openin_~. oligomerization or polymerizatlon oi' cyclopropenes. Recently. reaclions 
involving the addilion ot' pronucleophiles to carbon-carbon multiple bonds st[ch as allenes, alkynes, enynes, dienes. 
and alkylldenecyclopropanes. catalyzed by palladlum have been developed in oL[r laboratory. The ciriving t'orce t'or 
these reactions orlginates in the formiltion ot' the stable Jr -ailyl pa]ladium complexes. It occurred to me that 
cyclopropene, which has an activated carbon-carbon mu]tiple bond, would react with pronucleophi]es in the presence 
of palladiurr] catalysts. 
I t'ound that the addition or carbon pronL[cleophile~,' (hydrocarbonation) and nitro**"en pronucleophiles 
(hydroamination) to the cilrbon-carbon double bond of 3,3-dihexylcyclopropene I afforded corresponding (( -
illlylated products In good to excellent yields. For example, in the presence of 2.5 mo]a/o Pci(PPh::) and 10 rr]olc;70 1,1'-
bi~,'(diphenylphosphino)i'errocene (cippi~) in ethaulol al 100iC. the reaction ot' 3.3-d[hexylcyclopropene I with ethyl-2-
cyanopropionate 2a ancl N-losylaniline 2b *~*ave lhe con'esponding ethyl-2-cyan0-5-hexyl-2-methyl-4-undecenoate 
3a and N-(3-hexyl-2-nonenyl)-N-tosylaniline 3b in 82 tlnd 84(/o yields, respectively (eqs I and 2). 
Two possible mechanistic routes were propoh'ecl to explilin the t'ormation ot' the tlllylated product 3 (Scheme l). In 
pnth A, formalion of the pa[lad~tcyclobutene intermediate 4 by the oxidative addition ot' palladium(O) to the carbon-
carbon (r -bond of cyclopropene lakes place, followed by paliatda-ene type reaction with pronucleophiles. In path B, 
the firsr oxiciative insertion ol' palladium(O) into a H-C or H-N bond of' the pronucleophiles gives the hydride 
palladiLLm species 7. Subsequent hydropLtlladation of the carbon-carbon double bond of cyclopropene is followed by 
carbon-carbon bond cleava_~e. Both palhways lead to the f'ormation of the ;T -ttllyl paliad[um intermediate 6 and the 
reductive elilnination in 6 ~li'forcis 3. 
Chapter 2. TranSition Metal-CatalyZed Carboalkoxylation of Aryl AlkyneS Bearing an Acetal GroUp at 
ortho-PoSition 
The catalytic addition of' a carbon-oxygen bond lo carbon-carbon multiple bonds (carboalkoxy]ation) is ~t uset'ul 
process to const]~uct cttrbon-cnrbon and carbon-oxygen bonds silT]ullaneously, However, such a process has been 
rnrely investigated perhaps due to il lower reacliv[ty of' the C-O bond in ethers. To dalte, only few examlples or' the 
transition metal-catalyzed iiddition of elhereal C-O bond to the activated carbon-cilrbon multiple bonds harve been 
reported. My attention hils been attrac[ed by the reporls on the transilion melal-caralyzed aclivation ol' acetals. and it 
occurred to me that an ~lcetdl C-O bond COLllcl be utilized t'oi' the ctttalytic addition io carbon-carbon multiple bonds. 
Allhough. Ihe lransilion meful-cutillyzed reactions usin',_' acellllh nre reliltively rnre. however, it has been proved that 
in the presence of Ll lran~.'ilion melal, oxonlum cation and aikoxy anion can be '._'enerated. I envi~.'ioned lhat in the 
presence of a trLln~, ilion melil[. [he oxonium caltion geneltlled f~rom an acetal, could be trapped by a carbon-cLlrbon 
multiple bond. 
l have f'ound a llew carboillkoxylation process t'or the tritnsilion Inelal-cLrtuly7-ed addition ol~ an acetal C-O bond to 
a carbon-carbon multiple hond viz the intrilm()Iecu]~lr c~lrbo~llkoxylation ot' iu'yl alkyne~.' bearing an Llcyclic or a cycllc 
acet~ll group al ortl70-position ciltillyzed by pa]ladium or plnlinu[ll. For cxample, in the presence of' 10 mol% 
PdCl,(CH CN)_, in CH,CN. Ihe reaction of 2-(1-pentynyl)benzLlldehyde dimethyl acetal 9a proceeded ~, moothly al 
30iC Io give the corresponding 1.2-dimelhoxyindene derivative I Oa in 7~50lc' yield (eq 3). Similar[y, the reaction of 2-
(2-pent-1-nyl-phenyl)-[1.3]dioxane 9b afforded the cc]~responding dioxa ben7_oalzulene derivative I Ob in lhe 
p['esence of 20 molc/o PtCl , ilnd 50 molrl(, p-benzoquinone in CH CN ilt 10OiC In 550/r yield (eq 4). 
A plausible mechitnism ot' thi~, reLLction is s~hown in the Scheme 2. In route A, the ilcelai group of' 9 coolclinales to 






which is' intramolecularly trapped by alkyne that leacis to lhe cyclizalion. AlkoxymetaliLition ot' the carbon-carbon 
double bond of 13 would form the metal-ca]'bene complex 14. [1,2]-Migration of Rl t'ol]owed by regeneration of 
catalyst affords the fina] product 10. Alternatively, it is conceivable that coordination of the alkynyl moiety of 9 to 
meta] [pa]Iadium(ID or platinum(II)J center occurs at thc beginning as shown in route B. Intramolecu]ar nuc]eophilic 
attack of the alkoxide to the electron deficient carbon-carbon lriple bond. followed by ring-c]osing affords the metal-
carbene complex 1 4. 
Furthermore, the 1'1C-]abeiing study of this unprecedented rean'angement reveals that the alkyl group at the alkyne 
moiety Inigrates from the C-2 atom to the C-1 atom under the catalytic condiiions. The indene. fraiT]ework of the 
p]'oduct is often found in nalturally occu]1'ing compounds, and lhe alkenyl ether funcliona]ity can be used in reactions 
with a variety of e]ectrophiles. 
Ohapter 3. Platinum-Catalyzed Carboalkoxylation-C]aisen Rearrangement of Aryl Alkynes Bearing ortho-
Dihydrodioxepine 
Synthetic scope of carbonlkoxylation of aryl alkynes bearing ortho-acetal group was extended. I found the 
platinum-catalyzed carboalkoxylLltion followed by Claisen rearrangement of ary] alkynes bearing ortho-
dihydrodioxepine, which provided the complex oxa-tricyclic ketones in one-pot with good yie]ds. For example, in the 
presence of 10 molo;Vo PtCl. and 40 mo[a/o /~ -pinene, the reLtclion ot' 2-(2-pent-1-nyl-phenyl)-4.,7-dihydro-
[1,3ldioxepine 1 7a in CH.CN at 100~ afforded the corresponding oxa-tricyclic ketone derivative 1 8a in 690/0 yield 
(eq 5). The tricyc]ic p]'oduct 18a was obtained via the Claisen rearrangement of the carboa]koxylated [nlermediate 
19a. However. it is nol clear at present that whether the rearrangement is acceierated by PtCl, or merely by heal, 
since lhe therma] Claisen rearrangement genera]ly proceeds under sLich a high temperature. This novel l'eaction 
provides the first examp]e of Claisen rearrangement that occL[rs in a rused cyclic a]lyl vinyl ether system and opens a 
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 論文審査の結果の要旨
 炭素一炭素結合および炭素一ヘテロ原子結合の構築は有機合成において極めて重要なプロセスである。
 特にプロ求核体の触媒的付加反応は高効率かつ原」な経済的な反1,占プロセスであることから.理想的な結合
 形成手法であるといえる。本論文においてGallB.Bajracharyaはアセタール化合物の炭素酸素結合がパラ
 ジウム触媒により炭素炭素三重結合に直接的に付加し,新しい炭素炭素結合と炭素酸素結合を同時に構築
 する反応を見山した。
 第!章では,パラジウム触媒によるシクロプロペンヘの炭素および窒素プロ求核体の付加反応を見出し
 た。従来のシクロプロペンヘの触媒的付加反1、藤はシクロプロパン環の開環を伴わないものであった。今回
 見出された反応はシクロプロパン環の開裂を伴って進行し,対応するアリル化体が良好な収率で得られる。
 第2章では,オルト位にアセダール基をもつアリールアルキンの遷移金属触媒を用いるカルボアルコキ
 シ化反1,薗こついて述べられている,。炭素酸素結合の炭素炭素多.重結合への付加反応は,炭素炭素結合と炭
 素酸素結合を同時に構築する手法として,有機合成に新しい合成プロセスをもたらすものと期待される。
 これまで遷移金属触媒による炭素酸素結合の付加反1、さは反応性の低いアリルエーテルによるもののみが報
 告されていた。著'者はアセタール化合物の炭素酸素結合が遷移金属触媒により活性化されることに着目し,
 アセタールによる新しい炭素酸素結合付加反応,すなわちカルボアルコキシ化反応の開発を行った。その
 結果,2価パラジウムの存在ドオルト位にアセタール基をもつアリールアルキンのカルボアルコキシ化反
 応により対応するインデノールエーテル化合物が良好な収率で得られることを見出した。環状アセタール
 を用いた場合,3環性化合物が良好な収率で得られる,,極めて興味深いことにこの反1、邑は1,2一アルキ
 ル転位を経由して進行する。この転位反応について著者は炭素13ラベル実験によりその反応機構を明らか
 にしている,、この反応はインデノールエーテル化合物の合成法として有用性が高いと考えられる。
 第3章では,オルト位にジヒドロジオキセピンを有するアリールアルキンの白金触媒によるカルボアル
 コキシ化反1、占とClaisell転位の連続反応について述べられている、この反応ではオキソ3環性ケトン化合
 物が一一段階で良好な収率で合成することができる.また生成物の構造について著者はx線構造解析などの
 種々の分光学的手法により同定している、,
 以一L,本研究は反1,邑1有機化学,有機合成化学の分野に貢献するものであり,著者が自立して研究活動を
 行うには必要な高度の研究能力と学識を有することを示している、よって,GanB、Bこ曳iracharya提出の論
 文はIl11上(理学)の学位論文として合格と認める「,
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